Introduction
Neurohypophysial peptide hormones arginine vasopressin (AVP) and oxytocin have been previously characterized in tissues remote from the central nervous system including adrenal glands, ovaries and testis from several species such as human and rat (Nicholson et al, 1984; Schaffer et al, 1984 ; Guldenaar & Pickering, 1985) . The fact that high concentrations of immunoreactive AVP and oxytocin-like material have been found in the testis, as compared to the known circulating levels, indicated that these peptides were synthesized locally within the testis. Further evidence for local testicular production of A VP-like material comes from recent observations that this hormone was detected in the testis of Brattleboro rats, which are known to be deficient in hypothalamic, pituitary and circulating AVP (Kasson & Hsueh, 1986 ). These observations, together with the in-vitro demonstration of direct effects of AVP on androgen production by crude preparations of inter¬ stitial cells (Adashi & Hsueh, 1981) and by purified rat Leydig cells (Sharpe & Cooper, 1987) , through specific VrAVP receptors , led to the hypothesis that locally synthesized AVP may modulate steroidogenesis at the testicular level. We have reported that AVP may exert a dual effect on the testosterone output by purified mouse Leydig cells in a perifusion system (Tahri-Joutei et al, 1987) . The study reported herein was designed to investigate the doseand time-dependent effects of AVP on testosterone and progesterone accumulations in cultured mouse Leydig cells.
Materials and Methods
Hormones and chemicals. (Rao et al, 1982) . Briefly, 10-20 decapsulated testes were exposed to collagenase digestion in 10 ml Medium 199 containing 10 mg BSA, 3 mg collagenase and 40 µg DNAase I, at 37°C in a shaking water bath for 30 min. After dispersion, the cell suspension was washed twice with 0-9% (w/v) NaCl, decanted, filtered through nylon gauze (pore size 86 µ ) and centrifuged at 150g for 15 min. The interstitial cells obtained were further fractionated by density gradient centrifugation in Percoli as previously reported (Browning et al, 1981) . This cell separation method gave about 90% pure Leydig cells which were identified by staining for 3ß-hydroxysteroid dehydrogenase (3ß-HSD) using a procedure previously described (Pointis & Latreille, 1985 production was studied in parallel by incubating cells for 3 subsequent hours in the presence of 10 " 5 M-spironolactone which inhibits the metabolism of progesterone (Menard et al, 1974) .
Radioimmunoassays. Testosterone concentrations in the culture media were assayed after appropriate dilutions by a radioimmunoassay as previously described (Rao et al, 1982 ) using a specific antibody supplied by Institut Pasteur Production (Paris, France). Progesterone concentrations were measured by a direct RIA kit purchased from Biomérieux (France). The sensitivity and inter-and intra-assay coefficients of variation were as follows: testosterone, 7 pg/sample, 8%, 7%; progesterone, 20 pg/sample, 4-5%, 3 Fig. 1 ). The response of mouse Leydig cells to hCG declined progressively with each day of culture (Fig. 2) (Sharpe & Cooper, 1987) , and the magnitude of AVP stimulation of testosterone accumulation in the two studies is similar (2-3-fold). These data confirm and extend our observations that AVP stimulates testo¬ sterone output by perifused mouse Leydig cells (Tahri-Joutei et al, 1987) . Since these studies were undertaken with highly purified Leydig cells, it is unlikely that the effects observed might result from an indirect influence of AVP on another cell type. Another argument in favour of a direct effect of AVP is the demonstration of high-affinity receptor for AVP on rat Leydig cells . On the other hand, the transient stimulatory effect of AVP on basal testosterone accumulation was also induced in the current study by oxytocin but not by the other peptides tested (neurotensin, somatostatin and substance P). The effect of oxytocin reported here on testosterone accumulation was, however, not observed in purified rat Leydig cells (Sharpe & Cooper, 1987) .
Stimulatory effects of AVP and oxytocin on steroidogenesis have previously been noticed in cultured human luteal cells exposed to low concentrations of the neuropeptide (Tan et al, 1982) , and in crude rat testicular interstitial-cell preparations (Adashi et al, 1984) . In this last study the stimulatory effect of the two neurohypophysial peptides was, however, limited to the production of C2i steroids (pregnenolone and progesterone). The present results show that AVP not only increases testosterone accumulation but also stimulates progesterone production. In addition, our findings that the accumulation of progesterone is stimulated upon exposure of Leydig cells to AVP suggest that this stimulatory effect is located at a step before progesterone synthesis. Further studies will be necessary to determine the level(s) at which this effect occurs. The inability of other authors (e.g. Adashi et al, 1984) to observe such an effect on basal testosterone accumulation may be attributed to the use of a relatively long-term culture protocol (more than 8 days), since the present study shows that the stimulation of testosterone accumulation by AVP disappeared after a culture and treatment for 24 h.
In addition to demonstrating a stimulatory effect of AVP, we have also shown that long-term treatment with this peptide results in a decrease of the hCG-stimulated testosterone accumulation. This last observation is in agreement with previous data reported with a crude preparation of rat interstitial cells (Adashi et al, 1984) and purified rat (Sharpe & Cooper, 1987) or pig (Bernier et al, 1984) Leydig cells. The exact mechanism by which AVP influences the androgenic ability of adult Leydig cells remains to be elucidated. That 72-h exposure to AVP induced a reduction of both hCG-and 8-bromo-cAMP-stimulated testosterone accumulation suggests that the inhibitory effect of the peptide is located at a step beyond the receptor-adenylate cyclase system. Moreover, the finding that the reduced testosterone stimulation is accompanied by a concomitant increase of progesterone accumulation in the presence of the steroidogenic stimuli is compatible with a previous report showing an AVP-induced decrease of the 17a-hydroxylase and 17-20-desmolase activities (Adashi & Hsueh, 1982) . From our study, it is likely that the main inhibitory effect results from a decrease of these enzymic activities, since the sum of testosterone plus progesterone pro¬ duced after treatment of the cells by AVP is not significantly different from that of untreated cells. The fact that AVP affects Leydig cell steroidogenesis in several species (rat: Adashi et al, 1984; Sharpe & Cooper, 1987; pig: Bernier et al, 1984; mouse: Tahri-Joutei et al, 1987; present study) suggests the possibility that AVP might exert effects which are not species dependent. This is of interest because LHRH acts on rat Leydig cells, whereas it has no effect in the mouse (Hunter et al, 1982) and human (Clayton & Huhtaniemi, 1982) . There is also a similarity between the response of Leydig cells to AVP and to other effectors such as LHRH (Sharpe & Cooper, 1982; Browning et al, 1983) , EGF (Verhoeven & Cailleau, 1986) and unidentified proteins of Sertoli cell origin (Verhoeven & Cailleau, 1985) . All these substances which exert dual and biphasic effects on Leydig cell steroidogenesis, by mechanisms which present some analogies, have been considered as intragonadal regulators of steroidogenesis.
From this study, there is no conclusive evidence on the physiological significance of the stimu¬ latory and inhibitory effects of AVP on the Leydig cell. It is now well established that the concen¬ trations of immunoreactive AVP and oxytocin-like peptides detected in the testis are mostly higher than those measured in the circulation (Nicholson et al, 1984; Kasson et al, 1985) . Our finding that the effect of AVP is observed at a concentration of 10" n m, which is of the same order as that found in the testis, suggests that the in-vitro effects may be of physiological relevance. Whether the physiological effects mediated by putative endogenous AVP-like peptide are positive or negative also remain obscure.
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